Although regional brain abnormalities underlying spatial working memory (SWM) deficits in schizophrenia have been identified, little is known about which brain circuits are functionally disrupted in the SWM network in schizophrenia. We investigated SWM-related interregional functional connectivity in schizophrenia using functional magnetic resonance imaging (fMRI) data collected during a memory task that required analysis of spatial information in object structure. Twelve schizophrenia patients and 11 normal control subjects participated. Patients had SWM performance deficits and deficient neural activation in various brain areas, especially in the high SWM load condition. Examination of the covariation of regional brain activations elicited by the SWM task revealed evidence of functional disconnection between prefrontal and posterior visual association areas in schizophrenia. Under low SMW load, we found reduced functional associations between dorsolateral prefrontal cortex (DLPFC) and inferior temporal cortex (ITC) in the right hemisphere in patients. Under high SWM load, we found evidence for further functional disconnection in patients, including additional reduced functional associations between left DLPFC and right visual areas, including the posterior parietal cortex (PPC), fusiform gyrus, and V1, as well as between right inferior frontal cortex and right PPC. Greater prefrontal-posterior cortical functional connectivity was associated with better SWM performance in controls, but not in patients. These results suggest that prefrontal-posterior functional connectivity associated with the maintenance and control of visual information is central to SWM, and that disruption of this functional network underlies SWM deficits in schizophrenia.
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Although regional brain abnormalities underlying spatial working memory (SWM) deficits in schizophrenia have been identified, little is known about which brain circuits are functionally disrupted in the SWM network in schizophrenia. We investigated SWM-related interregional functional connectivity in schizophrenia using functional magnetic resonance imaging (fMRI) data collected during a memory task that required analysis of spatial information in object structure. Twelve schizophrenia patients and 11 normal control subjects participated. Patients had SWM performance deficits and deficient neural activation in various brain areas, especially in the high SWM load condition. Examination of the covariation of regional brain activations elicited by the SWM task revealed evidence of functional disconnection between prefrontal and posterior visual association areas in schizophrenia. Under low SMW load, we found reduced functional associations between dorsolateral prefrontal cortex (DLPFC) and inferior temporal cortex (ITC) in the right hemisphere in patients. Under high SWM load, we found evidence for further functional disconnection in patients, including additional reduced functional associations between left DLPFC and right visual areas, including the posterior parietal cortex (PPC), fusiform gyrus, and V1, as well as between right inferior frontal cortex and right PPC. Greater prefrontal-posterior cortical functional connectivity was associated with better SWM performance in controls, but not in patients. These results suggest that prefrontal-posterior functional connectivity associated with the maintenance and control of visual information is central to SWM, and that disruption of this functional network underlies SWM deficits in schizophrenia.
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Introduction
Impaired spatial working memory (SWM) is thought to be one of the fundamental cognitive dysfunctions in schizophrenia patients (Fleming et al., 1997; Park & Holzman, 1992; Tek et al., 2002 ) and a possible source of psychotic symptoms (Goghari, Sponheim, & MacDonald, 2010; Goldman-Rakic, 1994) . Since SWM deficits have also been observed in schizotypal personality disorder (Park & McTigue, 1997; Roitman et al., 2000) and unaffected biological relatives of schizophrenia patients (Conklin, Curtis, Katsanis, & Iacono, 2000; Park, Holzman, & Goldman-Rakic, 1995) , the SWM deficit is considered to be a candidate endophenotype for schizophrenia indicative of genetic liability to the disorder (Gottesman & Gould, 2003 those found in monkey and human patients with prefrontal lesions (Funahashi, Bruce, & Goldman-Rakic, 1993; Verin et al., 1993) , thus providing considerable evidence that functional disruption of prefrontal cortex is integral to the disease and to SWM. Two components of working memory, those associated with executive control and maintenance, have been tied to activity in the PFC (Miller & Cohen, 2001) . Neuroimaging studies have reported a failure in PFC areas associated with working memory deficits in schizophrenia (Glahn et al., 2005; Minzenberg, Laird, Thelen, Carter, & Glahn, 2009) , thus supporting top-down control deficit theories of the disorder (Cohen & Servan-Schreiber, 1992; Goldman-Rakic, 1991) . Specifically, recent neuroimaging studies have documented that schizophrenia is associated with PFC activation decay during maintenance (Driesen et al., 2008) and deficient dorsolateral PFC (DLPFC) activation during manipulation (i.e., executive control) of material in working memory (Cannon et al., 2005) . However, working memory is a multicomponent cognitive system where various brain regions coordinate to encode, maintain, and manipulate mental representations of stimuli (Repovs & Baddeley, 2006; Zimmer, 2008) , thus a failure in any SWM 0028-3932/$ -see front matter © 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.neuropsychologia.2011.06.009
